In this manuscript the pathology ofhumanarterialdisease, including diseases ofthe aorta,coronary arteries, and peripheral arteries, is reviewed. Common atherosclerotic-related lesions and varied forms of aortitis, arteritis, and dissecting aneurysms are described in terms of their gross and microscopic characteristics. In addition,rareroccurrences, suchas congenital hypoplasia ofthe arteries, are mentioned. Finally, morphologic changes in blood vessels that have been affected by drugs or toxins are summarized.
superimposed infection and may occur in lesions of small size. All resected abdominal aortic aneurysms should, therefore, be cultured and stained for bacteria, especially if they are under 7 em in diameter. Embolization is a common complication of aortic atherosclerosis and may result from atherosclerotic lesions in the tributaries of the aorta such as the carotid, renal and iliac arteries. Thromboemboli in the lower extremities predominantly involve the femoral and popliteal arteries. Cholesterol emboli usually are present in small arteries (l00-200 JL in diameter). Cholesterol emboli have been implicated in the development of gangrene, and it has been suggested that they cause focal ischemic changes of the toes, especially in patients with adequate peripheral pulses (27, 31) .
Granulomatous-Sclerosing Aortitis
The most common location of granulomatous aortitis (Takayusu's disease) is the aortic arch; however, any segment or segments of the aorta and its major branches may be involved down to, and including, the femoral artery. The lesions in the aorta range from a florid inflammatory process, consisting mainly oflymphocytes and plasma cells, to a healed fibrotic lesion. Both types of lesions may be seen in the same patient, suggesting a chronic recurrent process.
In the granulomatous phase, there is dilatation and medial hypertrophy of the vasa vasorum with a marked mononuclear cell infiltration, predominantly in the adventitia and outer two-thirds of the media; lymphoid follicles may be abundant in the adventitia. Patchy areas of necrosis develop in the outer two-thirds of the media, and the elastic la-219 TOXICOWGIC PATHOWGY mellae are fragmented. The breakdown of the elastin initiates a foreign body response and giant cells appear in the wall in proximity to clumps of fragmented elastic tissue. There is marked irregular thickening of the intima with dense fibrous tissue. Grossly, this intimal fibrosis produces the wrinkled "tree-bark" appearance formerly thought to be pathognomonic ofluetic aortitis. As the inflammatory cells disappear from the outer two-thirds ofthe media and the adventitia, the necrotic areas are replaced by dense fibrous tissue, resulting in thickening of the wall of the aorta and narrowing of the lumen. Final obliteration of the lumen may occur by thrombosis. In some cases, fragmentation of the elastic lamellae and necrosis of the media lead to aortic dilatation and aneurysm formation, rather than stenosis (17, 30, 32) . The fibrotic intima frequently becomes focally calcified, often with areas that closely resemble atherosclerotic lesions. In those cases where in fibrosis is predominant and inflammation is minimal, the diagnosis of sclerosing aortitis replaces granulomatous aortitis. It is important, however, to remember that these are not 2 separate diseases, but, indeed, represent different phases of the same disease spectrum.
Although considered a disease of arteries, granulomatous aortitis may cause valvular dysfunction by involving the cardiac valves. The cardiac valves most commonly involved are the aortic, mitral and tricuspid, in that order.
Syphilitic Aortitis
This is a focal disease of the ascending aorta and aortic arch, with skip areas that are grossly and histologically normal. Microscopically, the pathology of syphilitic aortitis is identical to that of granulomatous aortitis. In syphilitic aortitis, however, progressive sclerosis with luminal compromise is rare, whereas aortic dilatation with aneurysm formation is common (19, 31) . Syphilitic aortitis is distinguished from idiopathic granulomatous aortitis serologically or, in rare cases, by demonstration ofa microgumma or spirochetes in the aortic lesion. The aortic annulus is frequently dilated with resulting aortic regurgitation. The aortic valves in these patients usually only display fibrosis on the rolled, free margins of the aortic valve cusp. This is probably the result of the hemodynamic effects of aortic regurgitation.
. A spectrum of gross and microscopic changes identical to those in idiopathic granulomatous-sclerosing aortitis may be seen in patients with ankylosing spondylitis, psoriatic arthritis and Reiter's syndrome.' In these disorders, the disease process is usually limited to the proximal 3 or 4 em of the ascending aorta but may also directly involve the aortic and mitral valves as well. Patients with rheumatoid arthritis may develop rheumatoid granulomas in the aorta (14) . Usually the aorta is affected only in the first 2 or 3 em, but occasionally its entire length is involved either continuously or with clearly demarcated skip areas. Patients with rheumatic fever also may develop rheumatic aortitis, characterized by elongated foci offibrinoid degeneration surrounded by infiltrates of lymphocytes and large, frequently multinucleated histiocytes. Healing by fibrosis leads to nonspecific intimal scars. Frequently, rheumatic aortitis is limited to the intima, but the process may extend deeper to involve both the media and adventitia. The initial few em of the ascending aorta are commonly involved in rheumatic aortitis (13, 31) . Tuberculous aortitis almost sively occurs by contiguous spread of the tuberculous process from a tuberculoma in the lungs or a periaortic lymph node (32) . If the aortic wall is sufficiently weakened, an aneurysm may result.
Dissecting Aneurysms ofthe Aorta
Some form of medial degeneration is an essential prerequisite for aortic dissection. Rare medial lesions associated with dissecting aneurysm include granulomatous aortitis and bacterial aortitis. However, by far the most common medial lesion preceding dissection is cystic medial degeneration. In cystic medial degeneration, 2 basic defects are commonly observed in varying proportions: 1) focal loss and disruption of elastic lamellae of the media, and 2) loss of medial smooth muscle cells. The defects in the aortic media created by loss and disruption of elastic lamellae and loss of smooth muscle cells are filled by increased amounts of acid mucopolysaccharide, thus the term cystic medial degeneration. However, these changes occur to some degree as a consequence ofthe aging process and they must be evaluated taking into account the age of the patient. In contrast to the findings in granulomatous aortitis, the aortic wall affected by cystic medial degeneration is thinned, rather than thickened, unless there has been a dissection. Neither the adventitia nor the intima is thickened and the vasa vasorum are not hypertrophied. In the most common form of cystic medial degeneration, which usually occurs after the age of40, the predominant defect is one of focal smooth muscle cell loss. The less common form, which occurs in younger agegroups and which is frequently associated with familial diseases such as Marfan's syndrome, Ehlers-Danlos syndrome, osteogenesis imperfecta, or cutis laxa, is characterized predominantly by defects in elastic tissue (6) . In many patients, intermediate forms occur in which both types ofdegeneration coexist. When dissection of the aorta has occurred, the presence of cystic medial degeneration may be missed by the surgical pathologist unless he examines the thin rim of normal aorta at the proximal and distal end of the specimen.
Intimal tears in the ascending portion of the thoracic arch are present in approximately 90% of dissectinganeurysms. Tears distal to the arch are found in a smaller number of these patients. Approximately 5% of dissecting aneurysms do not have an intimal tear, however (31) . The proximal intimal tears are usually found within 5-10 em of the aortic valve. These tears are usually transverse or oblique, 4-5 em in length, and have sharp, clean but jagged margins. Most commonly, the intimal tear is oriented in the long axis of the aorta. The dissecting aneurysm is characterized anatomically by hemorrhagic dissection within the media ofthe aorta. This hemorrhage characteristically occurs between the middle and outer thirds of the media.
External Blunt Trauma
This is a relatively infrequent cause of aortic dissection, although it is not uncommonly a factor contributing to dissections in peripheral arteries (32) . Most traumatic ruptures of the aorta result in external hemorrhage, and not in intramural dissection. The most common site of rupture secondary to blunt trauma is usually false aneurysm. In the presence of preexisting medial disease, however, comparatively minor trauma may initiate a dissecting aneurysm.
PATHOLOGY OF THE PERIPHERAL ARTERIES

Atherosclerosis
Among the diseases of the peripheral arteries which result in circulatory insufficiency of the extremities, atherosclerosis is by far the most frequent. The coronary, iliac, femoral, popliteal and tibial arteries are most often affected. Intimal disease is most severe in the proximal arterial tree, and smaller unnamed distal ramifications are relatively spared. Diseased arteries are thickened and tortuous. Their lumina are irregularly narrowed and frequently contain both mural and occlusive thrombi of various ages. Histologically, the intimal thickening represents the advanced, complicated atherosclerotic plaque. The media of sclerotic peripheral arteries is often calcified, and many of these calcified arteries also contain osseous foci (27) .
Medial sclerosis is characterized by ring-like calcifications within the media of medium-to-small muscular arteries. Although Monckeberg's medial sclerosis may occur together with atherosclerosis, the 2 disorders are totally distinct (19, 31) . The blood vessels most severely affectedby Monckeberg's sclerosis are the femoral, tibial, radial and ulnar arteries and the arterial supply of the genital tract in both sexes. The calcification is not associated with any inflammatory reaction, and the intima and adventitia are largely unaffected. In the pure, uncomplicated form of Monckeberg's sclerosis, these medial lesions do not encroach on the vessel lumen. However, calcification of the internal elastic lamina and the adjacent media may occur in hyperparathyroidism, vitamin D intoxication or hypersensitivity, pseudoxanthoma elasticum, and juvenile intimal sclerosis (idiopathic arterial calcification ofinfancy), with associated fibromuscular hyperplasia ofthe intima resulting in significant luminal compromise (13, 15) . These changes also may involve the coronary arteries. Intimal proliferation associated with medial calcification is particularly prominent in juvenile intimal sclerosis.
Fibromuscular Dysplasia
Fibromuscular dysplasia occurs most commonly in the renal arteries; however, any of the muscular arteries and the branches of the aorta may be affected. Those arteries most commonly affected include: the cervical portion of the internal carotid artery, the celiac, superior mesenteric, inferior mesenteric and iliac arteries. Less commonly, the vertebral artery and the branches ofthe external carotid artery also may be affected (32) .
There are 4 morphologic types of fibromuscular dysplasia (20) . The first type, medialfibroplasia, is the type generally referred to as fibromuscular hyperplasia, although true muscular hyperplasia is not present. In this variant the internal elastic membrane is thinned and replicated, and destruction and thickening of the media is focallypresent. In the foci of medial thickening, much of the muscle is replaced by collagen. However, microaneurysms and small saccular aneurysms may appear in areas ofmuscular thinning. This is the most common type of fibromuscular dysplasia encountered, and usually it is not complicated by dissection or rupture. A second type of fibromuscular dysplasia consists of intimal fibroplasia, characterized by a circumferential accumulation of collagen and intimal smooth muscle cells inside the internal elastic lamina. This type of dysplasia is particularly associated with dissecting aneurysms in the arterial wall, and it occurs most commonly in children and young adults. In the third type, truehyperplasia of smooth muscle and fibrous tissue in the media occurs. It is not uncommonly associated with rupture ofthe external elastic lamina and with medial dissection. The fourth type of fibromuscular dysplasia, adventitial fibrosis, is characterized by a dense collagenous collar that produces an external stenosis of the artery. It may involve varying lengths of the artery and often replaces a TOXICOLOGIC PATHOLOGY considerable amount of media. It may be focal, but can extend into the segmental renal arteries. It is usually found in young women, most often in the arteries to the right kidney (20) .
Thromboangiitis Obliterans (Buerger's Disease)
These arterial occlusive lesions initially occur in distal, medium-sized and small arteries such as the anterior tibial, posterior tibial, radial, ulnar, plantar, palmar, and digital arteries, rather than in the brachial or femoropopliteal arteries. At a later stage, the involvement may extend proximally to major arteries (31, 32) .
Microscopically, highly cellular organizing and recanalizing thrombi fill the lumina of the diseased arteries. However, the cellularity diminishes with the age of the lesion. Characteristically, there is no evidence of prior intimal or medial disease and the internal elastic lamina is intact. The intima, media and adventitia are diffusely infiltrated with lymphocytes, but there is no evidence of necrosis of the vessel wall. As the lesion progresses in age, there is increasing intimal and adventitial fibrosis. Occasionally, a cellular organizing thrombus may contain granulomatous foci and scattered giant cells of theLanghans type. Fresh thrombi, which may contain small suppurative or granulomatous foci, are also observed. The lymphocytic infiltrate of the acute lesion and the dense adventitial fibrosis ofthe older lesion commonly involve the contiguous connective tissue and adjacent veins. Additionally, nerves in the neurovascular bundle frequently become enveloped in the dense fibrous tissue formed about the vessels. Becausethis is a remitting, relapsing disease, it is possible to find lesions within the same artery or different arteries at different stages of chronicity. Superficial migratory thrombophlebitis is present in the early stage of the disease in many patients, and may reappear during exacerbations of thromboangiitis obliterans.
Granulomatous Arteritis (Temporal Arteritis, Giant CellArteritis, Cranial Arteritis)
This type of arteritis is a, focal, granulomatous inflammation of arteries of medium and small size that principally affects the cranial vessels, especially the temporal arteries in older individuals. In the more severe expressions of this disease, lesions have been found in arteries throughout the body, and in some cases the aortic arch has been involved. It is frequently associated with the syndrome of polymyalgia rheumatica. Affected arteries develop nodular enlargements, which may be palpated when arteries are. superficial, as in the temporal area. Of importance to the surgical pathologist is the extremely focal nature of the disease in most cases. A biopsy specimen removed from a segment of artery adjacent to a sharply demarcated area of arterial inflammation might be entirely negative. These lesions vary in intensity within a short segment of the artery, and their morphologic appearance depends on the activity of the process. The intima is grossly thickened by a mixed inflammatory cell infiltrate and by edema early in the disease process, and by dense fibrous tissue in the more chronic lesions. The internal elastic lamina is fragmented early in the disease process. Later, giant cells of the Langhans type accumulate around the fragmented ends ofelastic fibers (17) .The media is infiltrated early by mixed inflammatory cells and later by lymphocytes. The media is usually preserved, but occasionally there can be focal necrosis of medial smooth muscle cells. Involvement ofthe adventitia is variable, but a cellular infiltrate is frequently found early in the disease process, and delicate adventitial fibrosis predominates in the more chronic lesion. Strikingly, the contiguous connective tissue is usually not involved, either with inflammatory cells or with subsequent fibrosis. In the healed lesion, intimal fibrosis predominates, with little cellular reaction remaining; however, elastic tissue stains demonstrate extensive disruption of the internal elastic lamina (17) .
Arteritis Associated with the Collagen Vascular Diseases
Panarteritis nodosa is a form of necrotizing arteritis that chiefly affects medium-sized muscular arteries, especially at their points of bifurcation. Grossly these lesions appear as nodules, 2-4 cm in diameter, along the course of arteries (13, 20) . Microscopically, the active lesion of panarteritis nodosa consists of segmental necrosis and inflammation of all layers of the arterial wall and contiguous connective tissue. The inflammatory cell population is mixed, but in the active lesion, polymorphonuclear leukocytes are the most common. Fibrinoid necrosis is usually present in the intima and inner third of the media, and a superimposed thrombus is f.requently encountered. An aneurysm may form in the weakened arterial wall. These lesions are usually present in varying stages of evolution, and the arterial lumen may be occluded by varying combinations of fresh thrombus, granulation tissue and fibrous tissue. Recanalization also may be observed.
Lesions that are microscopically identical to those ofpanarteritis nodosa occasionally may be found in an artery adjacent to the cystic duct in patients undergoing surgery for acute cholecystitis and in an artery in the periappendiceal adipose tissue in patients undergoing surgery for acute appendicitis.
More often than not, these patients do not have systemic panarteritis nodosa, and caution must.be exercised in making this diagnosis in the absence of systemic disease (18) . Necrotizing arteritis, morphologically similar to periarteritis nodosa, may occur in medium-sized muscular arteries distal to the site of surgical repair of aortic coarctation. Similar lesions may also involve medium-sized muscular arteries in patients with Kawasaki's disease (mucocutaneous lymph node syndrome) (18) .
Wegener's Granulomatosis
In contrast to panarteritis nodosa, Wegener's granulomatosis predominantly involves small arteries, arterioles and venules. In this form of necrotizing vasculitis the blood vessel lesions form the nucleus of a granuloma which consists of acute and chronic inflammatory cells and giant cells in connective tissue. Pulmonary arteries are not usually involved in classic panarteritis nodosa, whereas pulmonary disease is common in Wegener's granulomatosis. Necrotizing granulomata and upper airway disease are characteristic of Wegener's granulomatosis, but are not features ofpanarteritis nodosa (5) .
Disseminated vascular lesions occur with varying frequency in rheumatoid arthritis, rheumatic fever, systemic lupus erythematosus, scleroderma, and dermatomyositis. Except for the occasional occurrence of a classic rheumatoid granuloma in the arterial wall, the morphologic changes in the blood vessels in these disorders are nonspecific (14) . Occasional patients with rheumatoid arthritis may have a fulminant, widespread necrotizing arteritis affecting medium-sized vessels. This arteritis is indistinguishable morphologically from panarteritis nodosa. More commonly, however.i in this group of collagenvascular diseases, the inflammatory cell infiltrate in the arterial wall is much less extensive than that in panarteritis nodosa. Although there may be focal areas of medial necrosis, these are rarely extensive, and aneurysm formation is distinctly uncommon. The internal elastic lamina may be focally disrupted, but rarely is extensively destroyed. Although fibrinoid necrosis is not uncommon in blood vessels affected by this group of collagen vascular diseases, superimposed thrombus is unusual.
Infective Arteritis
The inflammatory reaction to infection of an artery depends on the nature ofthe infecting organism (bacteria, fungi, viruses, rickettsiae or protozoa) and on the ability of the arterial wall to react to injury. Some organisms elicit little or no inflammatory response, whereas others completely destroy the arterial wall. A great variation is found in the inflammatory response, depending on the type of artery involved, the mode of involvement, and the stage ofthe reaction. The end results ofan infectious process in the arterial wall can be: 1) damage that may be so minimal as to be barely noticeable; 2) thickening and scarring of the wall, with possible impairment of function; 3) eventual calcification or degeneration of fibrous scars in the wall; 4) thrombosis and subsequent recanalization of the artery; 5) rupture of the artery, with resulting hemorrhage; 6) weakening and dilatation ofthe arterial wall; and 7) formation of a mycotic aneurysm. Infective arteritis may result from dissemination of organisms from distant intra-or extravascular foci, or from direct extension in contiguous tissues (32) . These lesions may be relatively diffuse or localized. In addition to the routine histologic. examination, cultures for bacteria, mycobacteria and fungi, as well as serologic studies for viruses, frequently are necessary in order to identify the infective agent. The use of special histochemical stains for organisms and immunofluorescence techniques usually are helpful diagnostic aids.
Primary Dissecting Aneurysms ofPeripheral Arteries
Although extension of hemorrhage from a dissecting aneurysm of the aorta into major arterial branches occurs frequently, primary dissecting aneurysms of the peripheral arteries without involvement of the aorta are rare. The renal artery is most commonly affected, followed by the coronary and intracranial arteries (31) . The length of the dissection in peripheral arteries is variable, but usually in the renal arteries a long segment of artery is dissected with frequent extension into branches, sometimes into intraparenchymal renal arteries. Dissection ofthe renal artery is commonly associated With fibromuscular dysplasia, but occasionally may occur distal to marked stenosis by atherosclerosis at the orifice of the renal artery. However, significant changes of atherosclerosis in the involved portion of the artery are infrequent. The coronary artery most commonly involved is the left anterior descending artery. In contrast to the frequent occurrence of rupture with resulting hemorrhage in dissectinganeurysms of the aorta, narrowing of the true lumen, with infarction of the organ supplied by the artery, is the rule in dissecting aneurysm of peripheral arteries. In muscular arteries such as coronaries, mesenteric and hepatic arteries, the dissection most commonly occurs in the outer media immediately adjacent to the external elastic lamina. In those arteries with a more prominent elastic component; such as the carotid, iliac and brachial arteries, cystic medial degeneration may be microscopically evident. In the purely muscular arteries, however, TOXICOLOGIC PATHOLOGY microscopic alterations in either smooth muscle or elastic tissue are seldom encountered. In contrast to dissecting aneurysms of the aorta, intimal tears in this group of arteries are not frequent.
Multiloculated cysts that contain abundant acid mucopolysaccharide and are located between the media and adventitia of muscular arteries constitute a lesion quite distinct from focal cystic medial degeneration of the arterial media. These cysts are identical in microscopic appearance to the myxoid cysts of tendon sheaths ("ganglion"). Although these cysts have been described in the external iliac, ulnar and radial arteries, they are much more common in the popliteal artery. Rarely, a connection between the arterial lumen and the cyst has been present but has not resulted in intramural dissection. Progressive enlargement of the multiloculated cysts encroaches upon the arterial lumen, eventually producing thrombosis. The length of the involved arterial segment varies from 2-8 em (32) .
Congenital Lesions oft~e Peripheral Arteries
The most common congenital lesions of the peripheral arteries of importance to the surgical pathologist are hypoplasia and aplasia of arteries and congenital arteriovenous fistulae. Total failure of canalization of individual arteries (aplasia) is not unusual, nor is the finding of accessory or aberrant arteries of normal morphology. However, congenital hypoplasia of arteries is rare, and eventually produces symptoms of arterial insufficiency. Although any artery may be involved, hypoplasia of the iliac arteries is the most common (19) .
Arteriovenous anastomoses develop normally in certain regions of the body, particularly the palms ofthe hands, the soles of the feet, terminal phalanges of the fingers and toes, nose, ears, eyelids and tip of the tongue, and persist as normal adult structures. The formation of congenital arteriovenous communications to an abnormal degree such as to produce a gross vascular lesion is the result of a failure ofdifferentiation ofthe involved vessels. These malfunctions take 2 forms: diffuse and localized. The lower extremities are most frequently involved, followed by the upper extremities, neck, face and brain. In any extremity there is a predilection for the distal portion. In more than halfofthe cases ofcongenital arteriovenous fistulae, hemangiomas of the skin or subcutaneous tissues are associated. The apparent invasiveness of arteriovenous fistulae, their poorly defined limits, and the ability ofpreexisting arteriovenous channels to dilate more widely, causing local or distant recurrences, have led to confusion regarding malignancy. These are not malignant lesions, nor do they have malignant potential (29) . These veins and arteries often develop intimal thickening and sclerosis, and the smooth muscle in the media may be in disarray, suggesting a hamartoma. In many cases, the growth of these lesions is apparently initiated or accelerated by trauma. The history of trauma, however, may mask the diagnosis of congenital arteriovenous fistulae, as the 2 most common complications of arterial trauma are arteriovenous fistula and false aneurysm. A traumatic arteriovenous fistula is produced by a penetrating wound which lacerates the artery and adjacent vein, allowing a communication to develop between the openings of these vessels, either directly or by way of false aneurysm sacs. Traumatic or false aneurysms are formed by the disruption of the wall of an artery, followed by confinement of hemorrhage and hematoma formation by the surrounding fascia and other supporting tissues to define the limits of the aneurysm. These injuries are usually caused by penetrating trauma, but also may occur with blunt trauma (32) .
PATHOLOGY OF THE CORONARY ARTERIES
Large, Extramural Coronary Arteries
Most of the diseases affecting the medium-sized muscular arteries have been described in the section on peripheral arteries. Other operable coronary lesions include ostial lesions related to granulomatous aortitis and luetic aortitis and coronary arterial aneurysms. The latter may be congenital (due to a medial defect) or acquired (due to atherosclerosis, infection or inflammatory arteritis) and should be distinguished from dilated arteries supplying coronary arteriovenous shunts. Emboli to coronary arteries may result from intracardiac thrombi or tumors, vegetations in infective and noninfective endocarditis, calcific debris from valves or atherosclerotic plaques, and platelet aggregates in cardiopulmonary bypass machines. The coronary arterial aneurysms caused by the coronary arteritis that occurs in Kawasaki's disease have been successfully bypassed, as these lesions tend to involve the most proximal portions of the extramural coronary arteries (7) . Inflammatory coronary arteritides are described in the section on vasculitis of the peripheral arteries. The GrUntzig balloon catheter dilatation procedure has been shown to cause intimal and medial tears (which seem to heal uneventfully) in coronary arteries (25) . Dissection of the wall of a coronary artery may occur spontaneously or, more frequently, as a complication of coronary bypass, coronary angiography or aortic valve.replacement.
Small, Intramural Coronary Arteries
Various abnormalities of small intramural coronaryarteries can be recognized on examination of myocardial biopsy material; however, small blood v.essels in biopsy material often are severely contracted or collapsed (marked undulation of the internal elastic lamina is indicative of art ifactual contraction), and their walls appear much thicker than they actually are. Therefore, considerable caution is necessary in interpreting pathologic changes in these vessels. Small coronary arteries normally are much thicker-walled in left ventricular papillary muscles than elsewhere in the heart. Abnormalities of small coronary vessels occur in a number of conditions (26) , but usually are not diagnostic of a specific disease. Such changes often are focal, and their extent and clinical significanceare difficultto evaluate, particularly in catheter biopsies from the right ventricle. Among these changes are: 1) fibromuscular dysplasia, which occurs in a variety of disorders and also can involve arteries other than coronaries; 2) intimal proliferation, which is found in hypertrophic cardiomyopathy, fixed outlet. subaortic stenosis and Friedreich's ataxia; 3) fibrinoid necrosis, which may be present in panarteritis nodosa, other types ofgeneralized arteritis and malignant arterial hypertension; 4) medial necrosis, which can be seen in several diseases having in common cardiomyopathy, electrical instability of the heart, syncope and sudden death; 5) nonspecific inflammatory changes, which occur in vasculitis of various causes; or 6) changes due to atherosclerosis (this is, however, a relatively infrequent finding) and embolic or thrombotic diseases (12) . Several of these types of change may coexist in a given vessel. Subintimal deposits of PAS-positive material have been described in small coronary vessels in diabetes mellitus, Friedreich's ataxia and in a few patients with alcoholic cardiomyopathy. Their significanceremains uncertain. The bacilli of Whipple's disease have been found in the walls of small coronary arteries (12, 16) .
PATHOLOGY OF DRUG-INDUCED
VASCULAR DISEASE
Although many drugs adversely affect the vascular system, the patterns of injury may be similar morphologically. The major morphologic changes in blood vessels include hypersensitivity vasculitis, toxic vasculitis, intimal proliferation, accelerated atherosclerosis, arterial calcification, thrombosis and thromboembolism, and drug-associated infective vasculitis (21, 22) .
Hypersensitivity Vasculitis
Related to therapeutic drugs, hypersensitivity vasculitis most commonly involves arterioles, capillaries, and venules. Although small veins, and occasionally, small arteries may be affected, muscular and elastic arteries and large veins are spared. AI-though an inflammatory cell infiltrate is present in all 3 layers of the involved vessel walls, there is no evidence of necrotizing vascular lesions or of fibrinoid necrosis (24) . Therefore, the media is not weakened and in contrast to panarteritis nodosa, aneurysm formation is not a feature. The inflammatory cell infiltrate consists primarily ofmononuclear cells, mainly lymphocytes, and variable numbers of eosinophils ( Fig. 1) . Usually there is an extensive perivascular infiltrate consisting ofthe same population of inflammatory cells. The inflammatory process appears to spread from the affected blood vessels to the adjacent structures (23) . This perivascular infiltrate alone .is not sufficient evidence on which to base a diagnosis of hypersensitivity vasculitis. The endothelial lining of the involved blood vessels appears intact, and thrombosis is not a feature of this disease process.
Drug hypersensitivity reactions are presumed to be the result of antigen-antibody interactions. Numerous attempts, however, to define the immunologic mechanisms of hypersensitivity angiitis have not been successful. The interval between the first administration of the drug and the development of vasculitis is extremely variable. The history that a patient has been taking a drug for months or years without side effects does not exclude it as a possible etiologic agent. Drug hypersensitivity is not dose-or time-dependent, and may occur at any time while the drug is being administered; however, the temporal relationship of drug administration to the onset of symptoms is an important clinical-pathological correlation (24) . It is possible for lesions to occur one day to one week after medication has been discontinued. Therefore, in considering the diagnosis of drug, related vasculitis, a complete drug history including current medications, as well-as discontinued medications and the temporal relationship of drug administration to the onset of symptoms is imperative.
The continuing list of drugs that have been associated with hypersensitivity vasculitis is itemized in Table I .
Toxic Vasculitis
This vasculitis is usually necrotizing with morphologic similarities to panarteritis nodosa. The blood vessels involved most frequently are the medium-sized and small arteries; however, in contrast to classic panarteritis nodosa, capillaries, arterioles and veins may also be affected by the inflammatory process. These lesions tend to be segmental with a predilection for the bifurcations ofarteries. Grossly, they appear as nodules 2-4 mm in diameter; microscopically, these lesions consist of segmental necrosis and inflammation of all layers of the arterial wall, as well as the contiguous connective tissue. The inflammatory cell population is mixed, but in the active lesion, polymorphonuclear leukocytes are the most common. Fibrinoid necrosis is usually present in the intima and inner third of the media, and a superimposed thrombus is frequently encountered (Fig. 2 ). An aneurysm may form in the weakened arterial wall. These lesions are usually present in varying stages of evolution and devolution, and the arterial lumen may be occluded by fresh thrombus or by formation of granulation tissue, fibrosis, and recanalization in varying combinations (22) .
The etiology of toxic vasculitis appears variable, depending upon the nature of the offending agent, as well as host response. Serum sickness in its classic form results from injection of foreign heterologous serum into a person and is the human counterpart of the classic immune complex-mediated experimental serum sickness (4) . Similar reactions resulting in a necrotizing vasculitis that are essentially indistinguishable from classic serum sickness can occur after administration ofnonprotein drugs. Often the offender is penicillin, although other drugs have been clearly implicated. In many of these necrotizing vasculitides, especially those associated with sul- Patients who abuse drugs intravenously may also develop arterial lesions. Disseminated lesions morphologically identical to panarteritis nodosa are not uncommonly seen in patients who inject amphetamines intravenously. Although the etiology of this necrotizing vasculitis in drug abusers is unclear, it has been speculated that it may be secondary to transmission of hepatitis B antigen from contaminated needles, resulting in antigen exposure and subsequent abnormal immunologic reactivity (8) . In- York, 1982. deed, the hepatitis B antigen has been demonstrated in the wall of an artery containing a lesion identical to panarteritis nodosa (1) . This association suggests the possibility that immune complex deposition of viral antigen and antibodies may be a mechanism of the vascular damage in some patients with necrotizing vasculitis.
Drugs that have been associated with toxic vasculitis are listed in Table II .
Intimal Proliferation
Intimal proliferation with and without associated thrombosis has been found in women taking oral contraceptives, in pregnant and postpartum women, and in a few men with severe liver disease (10, 11) . These lesions may occur in any of the branches of the pulmonic, portal, or systemic arteries. Microscopically, the focal areas of intimal thickening are usually eccentric and consist mainly ofsmooth muscle cells and collagen with variable amounts of acid mucopolysaccharide (Fig. 3) . The internal elastic membrane is intact, but in areas of intimal thickening, it is usually thickened and replicated into the intima. The arterial media is usually of normal thickness; however, there may be focal areas of apparent decrease in the expected number of smooth muscle cells with an increased amount of stainable acid mucopolysaccharide in these areas. The adventitia appears normal. Frequently, there is an occlusive thrombus that appears loosely attached to the intimal proliferative lesion without intimal ulceration or inflammation. Indeed, the presence of inflammatory cells in these lesions is rare, and there is no evidence of a necrotizing arteritis or of fibrinoid necrosis (l0, 11).
The arterial lesions induced by ergotamine are those ofintimal proliferation and hyalinization, and medial hypertrophy resulting in compromise of the arterial lumen. Superimposed thrombosis frequently completes the occlusion and gangrene results. The arteries most commonly involved are the tibial, radial and ulnar arteries, or small tributaries down to arterioles (22) . Methysergide maleate and cocaine also may produce spasm and occlusive lesions in arteries (22) . Rarely; the intimal proliferation may be so extensive that distal ischemia persists after withdrawal of the drug.
The pulmonary arterioles may be occluded by intimal proliferation containing talc or magnesium silicate, fillers used in the manufacture of certain drugs, in those patients who inject these drugs intravenously (28, 33) . In those patients with extensive intimal proliferation in pulmonary arterioles, pulmonary hypertension and cor pulmonale result. Usually, granulomas containing foreign body giant cells are present in the adjacent pulmonary parenchyma, and the talc or magnesium silicate can be identified in the intimal lesions utilizing the polarizing lens (Fig. 4) . Extravasation of this filler material frequently occurs at the injection site, and the diagnosis can be confirmed by skin biopsy. Some of this polarizable material passes through the pulmonary circulation and may be identified in reticuloendothelial tissues ofthe body, especially in portal histiocytes and Kupffer cells of the liver. The drugs most commonly implicated in this pulmonary arteriopathy are methylphenidate hydrochloride, propoxyphene, and "blue velvet" (paregoric and tripelennamine) (22) .
Although scientific proofis lacking, epidemiologic studies have associated the chronic intake of certain drugs (oral contraceptives, oral hypoglycemics) with accelerated atherosclerosis. Oral contraceptives have also been associated with intimal proliferative lesions. The proliferating cell in the arterial intima appears morphologically identical to the proliferating cell in early atherosclerosis by light and electron microscopy (22) . Therefore, the chronic consumption of these drugs by patients with known atherogenic risk factors such as cigarette smoking, hypertension, or hyperlipidemia, could possibly predispose to increased lipid accumulation in the thickened intima.
Epidemiologic studies have shown that plasma high-density lipoprotein (HDL) concentration is negatively correlated with the risk of acquiring ischemic heart disease. Therefore, HDL seems to retard the process ofatherogenesis and protect against ischemic heart disease. Although women taking oral contraceptives containing more estrogen have higher levels of HDL, those taking contraceptives mainly with progestins have lower serum HDL (2) . Low plasma HDL has also been reported in patients taking oral hypoglycemic agents (3) and in patients being treated concurrently with hydrochlorothiazide and propranolol (9) .
Drug-induced calcification of the arterial wall is a distinct process from atherosclerosis. Calcification of the internal elastic membrane and the adjacent media may occur in Vitamin D intoxication or hypersensitivity (13) . The medial calcification in these disorders is similar to that seen in hyperparathyroidism, pseudoxanthoma elasticum and juvenile intimal sclerosis (idiopathic arterial calcification in infancy) in that there is an associated fibromuscular hyperplasia of the intima resulting in significant luminal compromise. The calcification is not associated with any inflammatory reaction, and the adventitia is largely unaffected. In contrast, the medial calcification in the pure, uncomplicated form of Monckeberg's sclerosis is not associated with intimal thickening.
Thrombosis with or without subsequent thromboembolism may occur in both arteries and veins.
Venous thrombosis may result from damage to the veins at an injection site from trauma; toxic effects of the drug, diluent, or excipient; hypersensitivity to metals contained in the needle; or infection. Drugs that increase coagulation, damage endothelium, cause spasm, or stimulate intimal proliferation may result in localized or diffuse thrombosis (33) .
Arterial thrombosis is less common, but usually TOXICOLOGIC PATHOLOGY more catastrophic, than venous thrombosis. Arterial thrombosis may occur by inadvertent injection of drugs resulting in an intimal flap, perivascular hematoma or perivascular infection, false aneurysm, infective arteritis with or without mycotic aneurysm, vasospasm, excipient injection with particulate embolism, or idiosyncratic reaction (22) . Other drugs administrated by non-arterial routes may also result in arterial thrombosis. The majority of these drugs are associated with intimal' proliferation (oral contraceptives) or with arterial spasm, acutely, and intimal proliferation, chronically (cocaine, ergotamine, methysergide maleate). Arterial thrombosis has been associated with the conjunctive use of human chorionic gonadotrophin and human menopausal gonadotrophins (menotrophins), although the precise mechanism of this reaction has not yet been defined (22) .
Drug-Related Infective Vasculitis
This vasculitis occurs almost exclusively in those patients receiving intravenous drugs. The infection may remain localized to the infection site as a phlebitis, or the organisms may become disseminated, resulting in infective endocarditis or infective arteritis. The inflammatory reaction to an infection of an artery depends on the infecting organism and the ability of the arterial wall to react to injury. Some organisms excite little or no inflammatory response, whereas others may completely destroy the arterial wall. A great variation is found in the inflammatory response, depending on the type of artery involved, the mode of involvement, and the stage of reaction (22) . These lesions may be relatively diffuse or localized. In addition to the routine histologic examination, cultures for bacteria and fungi, as well as serologic studies for viruses, frequently are necessary in order to identify the infective agent. The use of special histochemical stains for organisms and immunofluorescence techniques usually are helpful diagnostic aids (18) .
